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Abstract 
Energy requirement increases day by day.  Thermal power plants are the measure source of energy for electricity generation. 
They are also the measure polluter of the environment. In order to reduce environmental pollution either energy 
consumption should be reduced or energy should be generated with higher conversion efficiency. In thermal power plants 
part of energy generated by the plants is being consumed by different auxiliaries. The power consumption by these 
auxiliaries is very high due to poor operation or bad design of the equipments. There are two different ways to improve the 
efficiency either by efficient operation or by facility conversion. The pumps and compressors are the main auxiliaries which 
consumes sizable power produced by thermal power plants. Here an attempt is made to improve the efficiency of above 
mention auxiliaries. To improve the performance of the pumps various methods have been suggested in the present study. 
This includes impeller trimming, de-staging and installation of variable frequency drives(VFD). Similarly methods for 
improving compressor efficiency have also  been suggested in the present study. Before modifications actual data are 
collected for pumps and compressors. Power and efficiency are calculated and same are  compared with ideal values 
reported in supplier manuals.  On the basis of discrepancies in above data, methods for performance improvements are 
suggested.  
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Institute of Technology Nirma 
University, Ahmedabad. 
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Nomenclature 
Ph Pump Hydraulic power (kW) 
Pm Motor  power (kW) 
PS  Power input to the shaft  (kW)  
Greek symbols 
Density of feed water in pump 
1. INTRODUCTION 
Study of  power plants reveals that actually power generation could be more if they can  reduce power consumption within 
their plant in order to make more profit with the same configuration of the plant. As we all know that every power plant 
consist of main or power generating equipments as well as additional e
work. These all additional equipments consumes power and sometimes the amount of power consumption is also very high. 
It is always desire to minimize this auxiliary power consumption in plant to optimize   the     total cost of power generation. 
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By the studies it is found out that auxiliary equipments in plants are main area where one can optimize the power
consumption.
In coal based power plants generally the auxiliary power consumption is about 5 to 8 % while in combined cycle power 
plant (CCPP.) the auxiliary power consumption fall in the range of 2 to 5 % of actual generating capacity. [1] The auxiliary
power consumption optimization can be done by the way of optimizing the   no. of drives, increasing the efficiency of 
drives, harnessing the daylight , improving the natural ventilation etc.
Major power generation is done by thermal power plants in India. Figure shows the percentage distribution of electricity 
generation by different modes.
Figure 1 Power Sector in India
Such auxiliary equipments are
Boiler feed pumps
Condensate extraction pumps
Compressors
Cooling towers
Water treatment systems
Cooling water pumps
Air conditioning systems etc.
1.1. Energy Conservation In Auxiliaries
As discussed in earlier chapter the auxiliary power consumption is quite high in all Indian power stations, and as such, there 
is substantial scope for its minimization. In order to that the literature is reviewed for
(1) Energy conservation in Boiler Feed Pumps
(2) Energy conservation in Condensate Extraction  Pumps
(3) Energy conservation in Air Compressors
1.1.1 Energy Conservation in Pumps
For performance enhancement of pumps following techniques are used :
Proper selection of the pump as per requirement
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  Impeller Trimming 
 
To improve the pump performance impeller trimming is one of the best techniques adopted by plant (technical) 
officials. .It involves machining of the impeller to reduce its diameter .[2] 
 
After the pump impeller has been trimmed, geometric and kinematic similarity conditions were not completely 
preserved. The ratio between some characteristic dimensions (e.g. between impeller width and outlet diameter, or 
between impeller inlet and outlet diameter etc.) changes and therefore geometric similarity is not attained. Also, 
kinematic similarity is not preserved at the impeller outlet because the blade angle varies with radius. At the same 
time, similarity conditions are satisfied in many elements, which include the impeller shape, disposition and 
number of impeller blades, kinematic conditions at the inlet, ratio between impeller width and inlet diameter, and 
many others. Therefore some authors suggest that trimming should be limited to about 75% of a pump's maximum 
impeller diameter. [3] An excessive trimming can result in a mismatched impeller and casing. As the impeller 
diameter decreases, added clearance between the impeller and the fixed pump casing increases internal flow 
recirculation, causing head loss, and the lowering of pumping efficiency.[4] 
 
 De-staging of the pump 
  
 Pump de-staging refers to the removal of one or more impeller from the multistage pump to reduce the energy 
 added to the system fluid. Pump de-staging offers a useful correction to pumps that, through overly conservative 
 design practices or changes in system loads are oversized for their application. Pump de-staging allows the 
 performance curve to be moved upward, achieving roughly the same effects as modification of the diameter. 
 
 Pump de-staging reduces no of stages, which in turn directly lowers the amount of energy imparted to the system 
 fluid and lowers both the flow and pressure generated by the pump in stages. 
 
 Installation of Variable Frequency Drives (VFD): 
  
 The base speed of the motor is directly proportional to frequency of the current drawn to it. So, by changing the 
 supply frequency, the motor  speed can be changed. A variable frequency drive (VFD) is an  instrument  which 
 controls  the rotational speed of an alternating current (AC) electric motor. It controls the frequency of the 
 electrical power supplied to the motor and hence varies the  speed of the motor as per the user requirement. 
  
 Usually, a fluid coupling is provided in between the motor and the main pump to vary the speed of the pump as per 
 the load requirement. Generally the efficiency of Fluid Coupling is in the range of 70% to 75%, and with lower 
 load the efficiency reduces to approximately 55% only. 
 
 Instead if VFD is used, the speed of the motor is reduced in accordance with the flow requirement of the pump.     
 The flow control is not obtained through regulating fluid coupling. Fluid coupling remains fully opened giving 
 about  92%. 
 
 1.1.2 Energy Conservation in Compressors 
 
 Although compressed air is a versatile tool used widely in industries for a variety of purposes it is typically one of 
 the most expensive utilities in an industrial facility.[5] Unfortunately, running air compressors (AC) often uses 
 more energy than any other equipment. Studies show that the average compress air typically comprises from about 
 5 % to 20 % of a plant's annual electric cost. 
 
 Air compressor efficiency is the ratio of energy input to energy output. Improving Air Compressor efficiency can 
 yield significant savings to your facility. The total energy use of a compressor system depends on several factors. 
 The air compressor type, model and size are important factors in the compressor's energy consumption, but the 
 motor power rating, control mechanisms, system design, uses and maintenance are also fundamental in 
 determining the energy consumption of a compressed air system. 
 Factors affecting the Compressor Performance are: 
 (1) Compressor inlet temperature and pressure 
 (2) Compressor discharge temperature and pressure 
 (3) Humidity of the surrounding atmosphere 
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 Save for times of need. The first aspect involves choosing a receiver, or storage tank, to fit the needs of the system 
demand and prevent system pressure from dropping below minimum required pressure during times of peak 
demand. A drop in pressure will cause end tools to function improperly. The common response to the tool 
malfunction is to increase the system pressure. The energy used in increasing system pressure could have been 
saved through the use of a properly sized receiver. 
 
 Straighten the path. The important aspect of system design is the layout and design of the air delivery system. 
Narrow delivery lines, looping and sharp bend in the lines can create pressure drops in the system and reduce end 
use pressure. The common response to this is to increase compressor pressure and use more energy; this could 
have been avoided through better system design. 
 
 Use cooler intake air. A third design aspect that may have a significant impact on air compressor efficiency is the 
intake air temperature. The energy required to compress cool air is much less than that required to compress 
warmer air. Reducing the intake temperature by moving the compressor intake outside the building and into a 
shaded area may drastically lower the energy required for compression. 
 
 Single vs. multiple compressors. In some systems instead of using one large compressor a series of small 
compressors can be more effective. Additional smaller compressors can be  put in operation or shut down as per 
the user requirement. 
 
 Recover waste heat. Recovered waste heat can be used to preheat process and boiler water, for space heating, and 
more. 
 
 Fix the leaks. Wasted air is lost through leaks in the system. Although leaks are often very small, significant 
amounts of air can be lost. The air lost is proportional to the size of the orifice and a function of the air compressor 
supply pressure. The following graph illustrates the amount of air lost through different orifice sizes.[6] 
 
 
                  Figure 2 Leakage Rates for different size holes in air compressors 
 Change the filters. Filters are located throughout the system to ensure clean air for end uses. Often these filters are 
not known of or are simply not checked. Dust, dirt, moisture and grease can clog the filters leading to a pressure 
drop in the system. This pressure drop is not often seen for what it is and more compression energy is used to 
compensate for the clogged filters resulting in increased energy use . 
2. OBSERVATIONS,RESULTS AND DISSCUSSION 
 For performance evaluation design and actual data like discharge pressure, flow, temperature of the fluid and 
 current taken by the motor for driving the pump is noted down as expressed in below table. [7] 
 
 
755 Tejas N Raval R N Patel /  Procedia Engineering  51 ( 2013 )  751 – 757 
Table 1. Observations of Running Parameters 
  DISCHARGE 
PRESSURE  
(kg/cm2 ) 
DISCHARGE FLOW  
(m3 /hr) 
TEMPERATURE 
OF FLUID  
 
CURRENT (Amp.) 
BFP- 1 Design 121.8 100 160 65 
Actual 100 90 160.4 41.6 
BFP- 2 Design 121.8 130 160 65 
Actual 100 90 160.4 44.4 
BFP- 5 Design 172.7 185 200 155 
Actual 88.04 168.48 157 92.07 
BFP- 6 Design 172.7 185 200 155 
Actual 95 182.57 164.4 104 
BFP- 7 Design 100.47 120.4 160 53 
Actual 101.8 103 157.5 39.5 
BFP- 8 Design 105.5 120.4 160 53 
Actual 101.9 103 157.5 39.7 
BFP- 9 Design 100.47 120.4 160 53 
Actual 107.92 99.84 163 37.96 
CEP- 1 Design 26 285 50 33 
Actual 26.03 230 43 28.93 
CEP- 3 Design 26 300 50 34.5 
Actual 24.75 207.28 47.7 25.9 
CEP- 4 Design 26 300 50 34.5 
Actual 24.4 230 41.8 28.2 
 
 After looking above data calculation has been carried out for power and efficiency for various boiler feed 
 pumps(BFP) and condensate extraction pumps(CEP). Accordingly the possible reasons are also listed out as shown 
 in the table 2. Sample calculations is given is also given. 
 
BFP-1  
Pump hydraulic power,                Motor Power 
Ph    =   * g * Q * H                Pm    
        =   907.45 (kg/m3) * 9.8 (m/s2) *90 (m3/hr) *922(m)       =  1.73  *  6600(V)  * 41.6(Amp.)  * 0.9 
        =  907.45 (kg/m3) * 9.8 (m/s2) *90 (m3/s) *922(m) / 3600             Pm  =  427.48 KW  
 Ph    =  204.98 KW 
 [ Density= According to Temp. Of fluid From steam table   ] 
 
Power input to the shaft,      Efficiency of Pump,  
 Ps    =  Motor Power *  Efficiency of Motor        =  [ (Hydr. Power)/(shaft power) ] * 100% 
         =  427.48 *  0.94            =    [ Ph / Ps ] * 100% 
 Ps   = 401.83 KW                         =    [204.98/401.83 ] * 100% 
           =    51.01% 
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     Table 2. Power & Efficiency Calculations 
  
3. SUGGESTIONS AND IMPROVEMENTS  
 After calculation of power and efficiency the suggestions are given which were also implemented later. These are  
 Impeller trimming 
 De-staging of pump 
 Installation of VFD 
 
After implementing the suggestions Simple Payback Period (SPP), Annual savings have been calculated. SPP 
for de-staging, impeller trimming is very less (almost less than 6 months) and for VFD it  is almost  7 years. But 
looking at the losses the results shows that the given suggestions are feasible which are listed in the table. 
 
 
 
 
 
   
POWER 
(KW) 
 
 EFFICIENCY   
        (%) 
 
REMARKS POSSIBLE  REASONS 
 
BFP- 1 Design 385 75.5 Part load eff. is poor. 
 
Pump over sizing 
 
operation of combination of 
pump 
 
Throttling  
 
Impeller diameter 
 
Discharge pressure is higher than 
what require. 
 
 
 
 
 
 
 
 
Actual 204.98 51.01 
BFP- 2 Design 541 75.5 
Actual 204.98 47.79 
BFP- 5 Design 1024 73 
Actual 292.19 32.19 
BFP- 6 Design 1024 73 
Actual 345.68 33.58 
BFP- 7 Design 500 73 
Actual 241.46 62.95 
BFP- 8 Design 500 73 
Actual 241.46 62.97 
BFP- 9 Design   500 73 
Actual 245.98 67.01 
CEP- 1 Design 260 73 
Actual 161.52 57.79 
CEP- 3 Design 260 73 
Actual 151.4 55.58 
CEP- 4 Design 260 73 
Actual 133.09 53.19 
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Table 3. Suggestions & Improvements 
 
 
 
 
 
 
 
 
4. CONCLUSION  
 The major conclusions derived from the present study are as follows: 
 
 The study of operating parameters of the present  show that the efficiency of the said systems are poor 
and power consumption is very high at off design conditions. 
  The performance analysis was carried out on the basis of comparison of actual power consumption with that of 
designed data. 
 Performance analysis reveals that part load efficiency of pumps is very poor. Performance of the pumps becomes 
very poor as the load on the system varies. 
 Possible reasons for that poor performance have also been found out. The suggestions for improvements in 
efficiency and power for pump like de-staging, impeller trimming and installation of VFD were given and also 
been implemented.  
 After implementation of the above recommendations, power, efficiency etc, were again calculated. For economic 
viability economic indices like SPP, B/C ratio and cost of saved energy were calculated. Results indicate that in all 
four recommendations SPP is less with sizable annual savings. Cost of saved energy is also very less in 
comparison with existing energy cost Rs. 4 per kWh. 
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SR 
NO. 
Suggested Method Annual  
Savings - 
suggested 
(Rs/ year) 
Annual  
Savings-  
implemented 
(Rs/ year) 
Simple  
Payback   
Period- 
suggested 
Simple  
Payback  
Period- 
implemented 
1 De-staging 70,58,808 46,90,980 0.1481 0.2229 
2 Impeller Trimming 24,12,504 18,98,730 0.3108 0.3950 
3 Installation of VFD 36,58,176 16,39,872 3.075 6.86 
4 Compressor Leakages 16,61,371 16,61,371 -- -- 
